Background: Anaemia is a nearly universal complication of chronic kidney disease (CKD). Erythropoiesis-stimulating agents (ESAs) have been demonstrated to improve clinical outcomes and quality of life (QOL) in renal patients with anaemia. Patient-reported outcome measures (PROMs) are increasingly being used to evaluate the patient-centred impact of medical therapy. Here, we describe a systematic review of studies that evaluated patient-centred outcomes (PCOs) in renal patients undergoing anaemia treatment. Methods: We conducted a search of Medline (Ovid), EM-BASE (Ovid), PsychINFO, and CINAHL databases for studies published until March 2018 that investigated an intervention to treat anaemia in renal patients and used at least one PROM. We also performed a quality assessment for all included studies. Statistical analyses characterized each study, PROMs used, the quality of PCO reporting, and the association between haematological outcomes and PCOs. Results:
Of the 3,533 studies identified in the database search, 21 met all eligibility criteria. Fourteen (67%) of the studies were randomized-controlled trials. Most studies (81%) investigated CKD patients, 14% investigated post-renal transplant patients and 5% assessed patients with heart disease on haemodialysis. The most common anaemia intervention, used in 95% of studies, was ESAs. Forty-three percent of studies utilized one PROM, most commonly the SF-36, a measure of QOL not specifically created for use in nephrology patients. About a third of studies selectively reported PROM subscales, rather than reporting all subscales. Notable biases among included studies included lack of blinding, selective outcome reporting, and lack of power estimates for PCOs. We did not find a statistically significant association between improvements in haemoglobin and QOL. Conclusions: Future studies employing anaemia and nephrologyspecific PROMs and conducted with greater rigour, standardization in the research methods, and reporting of PCOs in renal populations will improve understanding of PCOs in this patient group and hopefully improve patient outcomes and experiences.
Introduction
Anaemia is a nearly universal sequela of chronic kidney disease (CKD) typically due to underproduction of erythropoietin, although other aetiologies may also be present [1] [2] [3] . In CKD, anaemia is independently associated with a heightened risk of cardiovascular disease [4] , increase in hospitalizations, mortality, and reduced quality of life (QOL) [5] [6] [7] . Therapies to treat anaemia in these patients include erythropoiesis-stimulating agents (ESAs), iron replacement and blood transfusion. Management of anaemia, and use of ESAs in particular, has been shown to reduce mortality and cardiovascular complications, while improving anaemia symptoms [8] and QOL [9, 10] . Though initially shown to have a clinical benefit, ESAs in patients with renal disease are associated with an increased occurrence of stroke, heart failure, myocardial infarction, worsening renal function, and death [11] [12] [13] [14] . ESAs should, therefore, be used sparingly in renal populations. Current recommendations for ESA use in nephrology use haemoglobin (Hb) levels to direct therapy [15] . Using patient symptoms and QOL, patientcentred outcomes (PCOs) may be more appropriate thresholds for initiation and modification of treatment.
Patient-reported outcome measures (PROMs) are one class of methodological tools that are increasingly being employed to evaluate the impact of disease burden and the effects of medical therapies on QOL and patient well-being [16] . PROMs typically measure multiple domains of well-being with one or more questions in each domain subsection, including physical, functional, emotional, and social components of well-being. PCOs are becoming recognized as a critical aspect of patient-centred research and are increasingly being utilized as endpoints in clinical trials [17, 18] . In this study, we aimed to characterize the quality of PROM usage and PCO reporting in studies of CKD patients with anaemia and to determine whether improvements in haematological outcomes are associated with improvements in PCOs, as measured by PROMs.
Materials and Methods

Database Search
A search strategy was developed in conjunction with an experienced information specialist. The databases Medline (Ovid), Embase (Ovid), CINAHL, and PsychINFO were searched without limits from inception until March 2018. The search strategy is presented in online supplementary Appendix A (for all online suppl. material, see www.karger.com/doi/10.1159/000502208).
Eligibility Criteria
Studies addressing interventions to manage anaemia in persons with renal disease of any age were included. Interventions administered at any dose, frequency, and for any duration were eligible. Studies had to report at least one haematological outcome (e.g., Hb levels) and at least one PCO measured by one or more PROM tools. Comparator groups for the anaemia intervention could be placebo, a different anaemia therapy, or no comparator (i.e., patients compared before and after the anaemia intervention). In the case of blood transfusion, we also accepted comparator groups of different transfusion thresholds. Randomized and non-randomized clinical trials, observational cohort studies, and case series with > 10 subjects were all accepted.
Article Selection and Data Abstraction
A detailed description of the study screening, selection and abstraction processes was provided in a previous study [19] . In the current study, we also abstracted data concerning PCOs and haematological outcomes. All stages of full-text review and data abstraction were performed independently by 3 reviewers (J.L., P.S., and I.P.) without duplication using a standardized and piloted form. Any discrepancies were resolved by a fourth, senior investigator (E.S.).
Statistical Analyses
Descriptive analysis of included studies was performed to synthesize study and patient characteristics, the PROMs used by these studies, and the quality of PCO reporting. We evaluated the completeness of PROM subscale reporting before and after anaemia intervention. We defined complete PROM subscale reporting as the reporting of all validated subscales for the chosen PROM.
Next, we assessed whether an improvement in haematological outcomes was associated with an improvement in PCOs following an intervention for the treatment of anaemia in renal disease patients. While we wished to analyse studies by PROM and PROM subscales, this was not feasible due to small sample sizes, and variability in PROMs used and subscales reported. Instead, we analysed according to various dimensions of PCOs, which we classified as follows: (a) physical functioning and QOL, (b) mental and emotional QOL, (c) social QOL (e.g., relationships and social interactions), (d) fatigue, vitality, and energy levels, and (e) global or overall QOL and well-being. Studies reporting PROM subscales relevant to one PCO dimension were grouped together for analysis. Due to the heterogeneity in the reporting of haematological outcomes and PCOs, it was not possible to perform a meta-analysis. Instead, data was analysed dichotomously using 2 × 2 tables to determine whether an association existed between haematological outcomes and PCOs following an anaemia intervention.
Fisher's exact tests were performed to test for associations between haematological outcome improvement and PCO improvement, as is appropriate for small sample sizes. For unclear improvements in haematological outcomes (e.g., if no p value was given), we looked at either the mean change in Hb levels, the difference in Hb levels between study groups, or the difference in Hb before and after anaemia intervention. We considered a significant change in Hb to be a statistically significant improvement (i.e., p < 0.05) in Hb levels, or an Hb change of 10 g/L or more, as this is likely clinically and statistically significant. For an unclear improvement in a subscale of a PROM tool (e.g., if no measure of statistical significance was provided), we assessed whether the DOI: 10.1159/000502208 magnitude of improvement in the scale met minimal clinical significance, as defined by each PROM tool. In cases where it was not possible to ascertain whether there was a significant change in haematological outcomes or in PCOs, the study was excluded from this analysis, and the reason for exclusion was noted.
A risk-of-bias assessment was also completed for each included study. For randomized-controlled trials (RCTs), the Revised Cochrane Risk-of-Bias Tool for RCTs (RoB 2.0) was used, and for prospective studies we utilized the NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies [20, 21] .
Results
Database Search Results
Of 3,533 articles obtained from database searching, 21 articles met all eligibility criteria. Figure 1 shows the study selection process.
Study Characteristics
Baseline characteristics of the included studies are presented in Table 1 . Studies were published between 1991 and 2017, with 6 (29%) published after 2010. It is relevant to note that recombinant human erythropoietin was approved for use in CKD in 1989 and all included articles in this study were published after that time [22] . The majority of studies were RCTs (67%) and 33% were prospective cohort studies.
Double-blinded studies accounted for 19% of the total, 10% were single-blinded, and the majority of studies were open-label (71%). All studies included both male and female patients. Nearly all (81%) studies investigated adults (≥18 years old), one study looked at older adults only (≥65 years old), and 14% of studies did not clearly report an age criterion for study inclusion. Across all studies, sample size ranged from 24 to 4,038 participants and mean study duration was 54 weeks (range 6-209 weeks).
We found that 81% of studies investigated patients with CKD, while 14% of studies investigated patients following renal transplantation surgery, and one study (5%) assessed patients with heart failure on haemodialysis. In the studies investigating patients with CKD, patients were categorized according to various measures of renal function, including glomerular filtration rate (GFR), creatinine clearance, and serum creatinine levels. Of the 38% of studies reporting GFR, patients with GFR ranging from 70 to 10 mL/min/1.73 m 2 were included, corresponding to CKD stages of 2-5. About one third of studies did not clearly report renal function criteria for inclusion, but many of these studies only included patients on haemodialysis, indicating advanced renal dysfunction. In 33% of studies, some or all patients were receiving dialysis, while in 57% of all studies, none of the patients were on dialysis.
All patients in all studies were anaemic at the start of the study period, with the Hb level used to diagnose anaemia varying between 80 and 130 g/L. A little over half of the studies defined anaemia as an Hb level of either < 110 or < 100 g/L. The World Health Organization (WHO) defines anaemia as Hb ≤120 g/L in females and ≤130 g/L in males. The Canadian Society of Nephrology recommends investigating Hb below 135 g/L in males and 120 g/L in females [23] . The rationale for Hb cut-offs in the included studies was not explained by the authors.
Nineteen percent of studies compared an anaemia intervention to placebo or no intervention, or to another therapy (10% of studies), and 33% had no distinct comparator group. Many studies (33%) compared different Hb targets. The intervention to treat anaemia was ESAs for most studies (95%), while one study (5%) investigated iron supplementation and none examined the role of red blood cell (RBC) transfusion. Thirty-five percent of studies used Epoetin alfa, 30% Darbepoetin alfa, and 35% of studies did not clearly define the formulation of the ESA that was used. Dosing and duration of therapy varied widely across studies ( Table 1) . Table 1 shows the PROMs used by each study. Almost half of the studies (43%) utilized one PROM, 24% of studies used 2 different PROMs, another 24% used 3 different PROMs, and 10% reported 4 or more different PROMs. The most commonly used PROM tool was the general QOL tool, Short Form Health Survey (SF-36). Tools specific to renal disease, including the Kidney Disease Questionnaire (KDQ) and the Kidney Disease Quality of Life Questionnaire, were used in 33 and 24% of studies, respectively. Linear scales (i.e., linear analogue scale assessment, visual analogue scale) were used to assess QOL and functioning in 19% of studies. The Functional Assessment of Cancer Therapy scales for anaemia and fatigue were utilized in 14% of studies, despite not all included patients having malignant diagnoses. The Functional Assessment of Chronic Illness Therapy fatigue scale was used in 10% of studies. Other PROMs for QOL and functioning were employed infrequently ( Table 1 ). The rationale for the selection of PROMs was not clearly described in the majority of studies.
Use of PROMs
In all studies, PROMs were described in the methods section, but these descriptions varied in the level of detail, including descriptions of the PROM subscales, the measurement scales for these tools, and whether the PROM was validated in the patient population under investigation. All studies consistently defined the time points at which the PROM was administered to patients (e.g., at baseline, at 1 month after intervention, at 6-month follow-up). However, reporting of how PROM data was collected was poor. More than half of the studies identified that the PROM was self-administered by the patient and 1 study had their PROMs administered by healthcare professionals; however, 38% did not describe how their PROMs were administered. Additionally, blinding of study personnel to PROM and haematological outcomes were not consistently described in included studies.
Quality of PCO Reporting
About a third (29%) of studies included PCOs as a primary outcome, 43% included PCOs as a secondary outcome, and 29% did not report prioritization of study outcomes. All studies administered and reported their PROMs prior to commencement of and following anaemia treatment. Most studies (81%) had clear reporting of PCOs, which we defined as presenting numeric values of PROM scores (i.e., absolute values of scores or change in score), as well as some measure of statistical significance when comparing 2 or more study groups. Another 19% of studies presented scores from PROMs graphically, without any numerical values. Evaluation of whether studies reported the entirety of a PROM, including all verified subscales, or were selective in their PROM subscale employment and reporting found that 71% of studies reported the PROM tool in its entirety, leaving 29% of the studies that selectively reported subscales from their chosen PROMs. In addition, the results of PCO assessments afforded limited discussion in the text, and non-significant results were largely ignored in the discussion sections of these papers. DOI: 10.1159/000502208
Association between Haematological Outcomes and PCOs
We assessed whether there was an association between improvement in haematological outcomes and PCOs, as measured by PROMs, following an anaemia intervention. The haematological outcomes of all studies were related to patients achieving and maintaining a certain Hb level. All PROMs included in this analysis had questions related to the following 5 domains: (1) physical functioning and QOL, (2) mental and emotional QOL, (3) social QOL, (4) fatigue, vitality, and energy levels, and (5) global wellbeing and QOL. Twenty of 21 included studies (95%) evaluated ESAs as the intervention for anaemia; the one study looking at iron therapy was not eligible for this analysis. Table 2 shows the results of this analysis. While many patients appeared to have improvement in PCO measures following ESA treatment, we found no significant association between improvement in haematological outcomes and improvement in any of the 5 QOL domains described above (p > 0.05 for each QOL analysis). Thus, it is hard to attribute improvement in quality of life to treatment of anaemia and raises questions about other therapeutic effects of ESAs and possible placebo effect of knowing one is receiving therapy for anaemia.
Risk of Bias
We performed a risk-of-bias assessment for all included studies (n = 21). Final results of bias and quality assessments are reported in Table 1 . A breakdown of the bias assessment for each RCT is included in online supplementary Appendix B. In summary, we found that 79% of RCTs demonstrated a moderate-to-high risk of bias due largely to open-label study designs, high number of participant withdrawals, the subjective nature of PCOs, a paucity of available published protocols, and reduced statistical power for PCOs. Among the prospective studies, we found that most studies (57%) were of fair or poor quality, due in part to lack of blinding, poor reporting of PROM outcomes, loss of participants to follow-up, and lack of power estimates for PCOs, which were largely defined as secondary outcomes.
Discussion
We performed a systematic review of the use of PCOs in anaemic renal disease patients receiving anaemia treatment. The majority of studies were RCTs, but most were open-label and therefore prone to information bias. We identified a number of poor study design characteristics, including a large number of open-label studies [24] . Biases may be especially prevalent in the assessment of PCOs given their inherent subjectivity [19] . Open-label RCTs evaluating inherently subjective patient outcomes have been shown to exaggerate both OR and effect sizes; hence, inadequate blinding of patient-centred research may interfere with the validity of conclusions [25] . Moreover, a recent systematic review of ESAs in renal disease suggested a publication bias that likely favours ESAs, but could not be measured due to a lack of accurate instruments [26] . Another methodologic limitation of included studies was that the majority of studies either reported QOL as a secondary outcome or did not clearly define the prioritization of PCOs; hence, it is difficult to determine whether these RCTs were adequately powered to evaluate changes in PCOs and detect significant differences.
ESAs were the most commonly studied anaemia therapy, with only one study that evaluated iron as an intervention for anaemia. Given the growing use of IV iron in managing anaemia in CKD patients, this lack of evidence regarding the impact of IV iron on PCOs is concerning [27] . This has been recognized and future trials of IV iron in CKD patients, including the PIVOTAL trial, have defined QOL as a secondary efficacy outcome [28, 29] . We did not identify any studies that evaluated the use of RBC transfusion. This may be owing to the decreased use of this therapy for fear of HLA alloimmunization which can compromise a patient's eligibility for renal transplant, as well as the availability of ESAs [30] . Yet, in older nondialysis-CKD patients, RBC transfusions occur in 11-14/100 person-years [31] , and in younger non-dialysis-CKD patients, RBC transfusion remains a relevant, if less frequently used, treatment strategy [32] . Patients with renal dysfunction are known to be at increased risk of transfusion-associated circulatory overload and thus transfusion may actually impair their feelings of well-being [33] . Due to these known clinical risks, PCOs related to transfusion in management of anaemia in patients with renal dysfunction should be considered for future study.
Methodologic rigor was lacking in the assessment of PCOs in the studies included. Some inadequacies we encountered included failure to describe how PROMs were administered, no clear descriptions of blinding procedures with respect to data collection for PCOs, and use of PROMs not validated for kidney disease patients or anaemic populations. We also observed suboptimal and incomplete reporting of PCOs. Approximately 30% of studies did not employ an entire PROM with all associated subscales, but selectively chose subscales to administer and report. Worse yet, some indicated that an entire PROM would be used, but did not report outcomes for all domains. Since these PROMs have been validated in patient populations in their entirety, selective administration and reporting of certain subscales may inadequately capture the impact of an intervention on overall QOL. Furthering the difficulty in determining impact of anaemia treatment on PCOs is the fact that 19% of studies had unclear reporting of PCOs. In some of these, data was presented graphically only, without any numerical values, which made abstracting PCOs for empirical analysis challenging and would hinder future attempts at meaningful meta-analyses. In addition, few studies made any mention of clinically important differences when reporting PCOs, but instead focused on statistical differences even though evaluation of minimally important clinical differences are known to better measure the impact of an intervention on PCOs [34] . In agreement with our conclusions, authors of a recent meta-analysis that investigated ESAs and QOL in renal populations noted that metaanalysis could be considered an inappropriate method of analysis due to significant clinical and statistical heterogeneity amongst included studies [26] .
A wide variety of PROMs were used in the included studies. As each PROM evaluates somewhat different aspects of QOL, and some tools are specific to certain patient populations, the result is heterogeneous outcomes that make comparisons of PCOs across studies challenging. Standardization of the types of PROMs used in renal disease patients and the development of a rigorous set of methodological guidelines for use of PCOs in research contexts may promote advancement of patient-centred research initiatives in nephrology. Better PCO research can lead to changes in practice that aim to improve patient QOL. Additionally, with more sound studies, clinical practice guidelines for the management of this universal complication of CKD can be developed, as it has previously been shown that clinical practice guidelines have a positive impact on medical practice [35] . Evidence-based guidelines that include studies of PCOs that are methodologically sound would result in the most robust recommendations regarding when to initiate ESA therapy and how to monitor it. This would allow for more rational use of this expensive therapy, and at times risky therapy.
Consistent with previous findings, the majority of studies employed one PROM tool [19] . It is not known if the use of fewer PROMs is associated with incomplete assessment of the multiple facets of patient well-being in the presence of renal disease, anaemia, and additional comorbidities. The 2 most commonly used PROM tools in our studies were the SF-36 and KDQ. The KDQ has been shown to reliably assess the patient-centred impact of kidney disease, but is not specific to anaemia [36, 37] . Similarly, the SF-36 has been validated in numerous patient populations but is neither anaemia-specific nor nephrology-specific. As a result, these tools may not adequately assess anaemia symptoms, which may be indistinguishable from symptoms of renal impairment and other comorbidities known to occur in this patient population. In addition, unsuitable tools such as the Functional Assessment of Cancer Therapy tool were employed to assess QOL in numerous studies, even though such tools are intended for use in other patient populations. Future studies in anaemic renal disease populations should consider COSMIN assessment of possible tools to determine which is the most suitable for a given study [38] . Such evaluation may indicate the need for development of PROMs specific for the study of anaemia due to renal disease.
We found no significant association between improvements in Hb levels and any of the 5 dimensions of QOL. As a result of the aforementioned heterogeneity in reporting PROMs, our sample size for each analysis was small and consequently underpowered. Thus, this finding only suggests the need for additional evaluation. However, it does raise questions about the merit of current anaemia DOI: 10.1159/000502208 strategies in CKD patients. Rather notoriously, a recent reanalysis of the Normal Hematocrit Cardiac Trial [39] demonstrated methodological errors and discrepant reporting of results, including an erroneous conclusion of improved QOL within the ESA-treated group [40] . Consistent with this study, a recent systematic review of PCOs in renal populations found that treatment with ESAs was not associated with improvements in health-related QOL [26] . These authors also noted how significant heterogeneity amongst included studies, few good-quality studies, and possible publication bias may have limited their analysis and validity of their conclusions. Future large-scale analyses of the relationship between PCOs and anaemia management in renal patients that evaluate and report PCOs using rigorous study methods are required. Such studies should be powered to show clinically and statistically significant outcomes measured by PCO tools.
Limitations of this study include variation in ESA dosing regimens, differences in follow-up length, and heterogeneity in patient populations, which all may have contributed to sources of heterogeneity that were not accounted for in the analysis. These limitations reflect the substandard quality of much of the research in this area, rather than poor conduct in the present study.
Progress in our understanding of QOL in renal patients with anaemia will allow clinicians to determine which patients will respond optimally to ESA therapy, while ensuring that ESAs are administered in a cost-effective manner on a population level. Perhaps most importantly, physicians will be able to more accurately advise patients of what they can expect, in terms of symptom management and QOL if they elect to begin or continue therapies to treat anaemia.
Conclusion
The majority of studies reporting PCOs in anaemic renal populations investigated ESAs for treatment of anaemia. Overall, evaluation of PCOs in these studies was hindered by poor methodology and reporting. Future directions for research in this area include the revision of, and/ or the development of kidney-specific PROMs to include questions able to discriminate the effects of symptoms of anaemia on QOL. Improvement of our understanding of the patient-centred impact of anaemia management in nephrology patients may help to ensure that anaemia therapy is standardized in such a way as to enable varying management plans based on unique patient characteristics which are also cost-effective on a population level.
